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This work studles tha proragation of modilationg along 2n electron heam
vhen ths medulated quartities ave currenl, kinetir energy, and charge dencity,
and wvhea the proprcrtt-n s ¢~ased by disiurbances superimposed on a definite
point »f the ray.

Investigation by Kinotics of the Propagaticn of Modulatiens Hot Taking Inic
Considercticn Intucraction Betwssn the Electroms

The kinet!c equation of Viesov (Sclentific Memclirs, Moscov State Univer-
11ty, No 75, 194%) will eerve as “he init'cY equetion of our sroblem; it
expresges in the T~rm of o differeatial aquation the function f{%,é i')
deacxrihing the diatridution of electrens In one Alnmensian: !

o Ereb e sfxnd -0,
vhere E(I,dia a given fleold strezgt}i tetwsen tuo grida caielng the disturbance

cf the el:-*tren doam, If the dlstonce between the gride - < all, aad She tine i -
.required by the slsctrons to iravol belween “hem 1s much ‘- tnan the perlsd A B
=l thr petenttal cuperimpnred on the grils, “1sn 1t is pocsibdle to effect a

tranailion “- » aal electrical level thus: :
E (x,8) = V(t)8 (), B
whereﬂﬁ)’!s th- lelts functlion of Dirac. ¢ 3o~k the soluticn in th Drrm

f=f+f
. vhcrrzf.—i' tholferekioan deseriting the dlstrih “1-n of ~lectrons in & nen-
disturhe? tomr hte Mipatfan f, vy et to Aqual %o:

s = K. 8\[5_;0).
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T COMEIDENTIAL 50.,X1'HUM

. ©lgre N““'f’l the aramhntonl on o MRl abroas ot et oL
M= fanction L8 correct Tor large veloclitier of electrons in the heem, when
t4 ig pospible to neglec “Me velocity d’strihatlan -f the slectrons. The
~action fy— lo the swall innvement (that 13, pertirhatfan) tonmed by the
“taturbraee, wkich we ahnll tnke as quite amall, Therefore 1% fr rossible to
regleet the effect of ; on the dlsturbing Tarce I, In comzorlacn with othsr
tormg o

Feditanmg

Hence
e a vwsa)%;—-o

ig equation can change to lts equ .va";r‘,

£, (% £, ) mery £, (x.51 o) — % -Z,fﬁ Vir)e 8 (drs

where oy andgarr displacemait operators of %

Operator,, Ls defined by the operatior ¢ —»X=m (t-....t') oLy Ton
with o 15 sinllarly defined thus: geim 5rep i {#—2),

t us latrsdncs a disturbance {po:' .-
point X*®=* @ . Then o= (x, o)={ sinze nl Litc usooal
aftor calealatiosn of th 9 d turbance. APty tnt N'M".._.‘

£ (0t r)=—-1g%?;.}'-. V=),

Thig expresaion 1s distinct from zero for K> and t > ¢ The denaity of
any quantity ’v['z ;) , in connectior with an electron beal, 15 as followa:

fr= [0 n6) flrf 0044

Setting the psl fanctisn ~qual ts the frllowing (reupectively: chargo, curreat,
energy) in succession: a

= 6,65, ol » ‘
- we obtain correspondingly the deasthy of th churge, P (%, t)y the dens? ty nf
the current,J'(-x' 1), and the denalty ol ' kinellc onergy, W(I t), thus:

._ p(x,t)= Nye {1+ %g—:ri‘ﬁ‘i’ £2: Vo)
duty=Nye & {1+ 2 l.—\ﬁg—)-}
Wi, r)‘..'!r_»f’za__ {/+-—-1 e V)3 g avp}
- {vhere §=1t- ot
Integrati'vx wg effocted la acaariance = t%~ arlnciple of fatesralilng
the derivative doli~ fincilon. The eapres for tho density of the cwmrent

oolncides with the expremslon obinined by wabster (J. 2pple Phrze 13, 501,
1939) from differcnt eoloalations for V(f)._\/‘ Sinwls

Inveebiﬁtion b ninetloe of Concentraced Beams, Takinz Into Conefieratlion
interaotlion Zctween the Tlectrons

As an 1n!t'n1 eystem of equatlons, in the chbudy uf Comlomb*s forne, we
uge ‘he equat!sn for the dlstributisn function, In ~grcemnnt wilh Pclsson's

. X equation: af - t) + ,
Jj,?i*”' E &, V) smg}ﬁ 0

--1-,{—.— = ame [ Foxd, t) 4f 4 TH
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whare ~ Lo Lhe £1871 tou ) ';._y " cl':‘f;t*., and alan brovo il azternal

rharger (X

wd
We 3hell solve the eystem (after set:'n~ f-‘:‘f"f'f i E=E,+E, ) §
whers the pulleapproxiustfan fnclof~z She 2ofla3000 on the banms oF the
ield ~f 2 nondlstuwibed heam and —'1-’: of ex: LoMAn, cmeludinz the f
nrl 2ag from eons’locatisng of The pratle
cel? by bthe scottering of “he b e ol v
buat bhlsz dosz nct ~ppear (o be th=
componsated by Lhe ;'cous‘.ng ar
by the execess or by the deflaleney of the o,
valius, 1.,e., the value Quring alasnce of th- If 2
v . iz zooalble bo salaslete what ZLu1d of thie averags valas : R S i
? charge of poslitive lona, ) ‘
Then f—-” (; a1 hofore, and E-a % anoatlons (M), after
diaregarding tarmn 'f the"gecond order of muallmess, ~uv of - lvalent o
o , 21, e 2
Yrf s £,y B+ 5V -800-30=10
5 aE
: e =4 e £ xE58) d'g""/‘ﬂ' @ (x,t)
Wo ghall write down éga Plrst Pc'ahi on ta the eqrieslsnt Sowmg
Fmo fbt)-g 3 /’y(er) o609 dr £ 32 (o E,6em)
/ 4 7y 17 "m ?
where oy and g~—arc operalorz.  Tzaln let us set to ==} , and, by analoy, let
ue set the Tirs' term of tha first part eguel to zern,
Further:
- ofo e 3{;
/i (*a;t)"-"?;, /(t )—- :5{1—{&4-7-),1:74:.
DR Mu"“n,vlng the nght and left par\‘s o7 h° equuation 3.; o wrd tntesrting
- with resvect o Irom=—e (o= ¢ E
y oE, (3 r
__ , 6 (%) = é., yw] + M ™ f (r— r)———"f—d T,
whare -_ b z"
| o wxhi- 7
60, %) =Ms2 .3. Y () § - o (t—‘r)p (1,%) 2%, @
23. () ]
wvhere m,a4 é'& ;.e the gainva 58 the natural i’:eqwzx 7 of the electron
cironit, =
Therefore, the integrel equastion of ‘2l* '» !z obtelped for p{;g,t) with eV )
- . a simple Sntegrantt flts peocnliarity 1e 'hwe 3 penlenne of Vol ack npon x, bu* BN -
c4 ’ 1pon 7_ (2-- 8 It us designats-w,t==". ani ths first term of the right SIS
N pavt o nation (2) b gx z) We shall find the solutlon, after assuming
= that g[’.,t) depsends hpon x only in *he following cozbinations ﬂ(t—‘ .
X lutfon of courae will 2ot be accurate since the first term of as Ko R
In thil cass, by chsnging # ir ¢ te T and X t. u,¢ besomes a2 Sunction i
of t— X ‘
4
We geek the -1-t'on In ' o of a gerien:

& (x,t)= ;w;-r ;’f X, (00,
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After pla‘cllng the ~exfes in the inl‘lal sGuation and collacting *ormg of
*he same power In A, we find fl’ (2, t)e :

T, 6= {u-w(fr-;-) sr=pee-F) - dr
¥, (x,r)m=m\ (t— %‘)}‘}(u T) doy = ¢(2-f) f Ko 2T 3

Hera the choreoteriss lc part 1o o> longar A2zendnne 1. (J,I(uflj. K,KJ
chte, are In'soprtions of the intemand. T2

-~

™= rensivent of thia integrand will be _S.M—__._(_E.:'_E)_.

(1”(2 2) =2 Noc [(-z a —-;; V{W}"w}//‘,,, /{- ot ;;’{V@}

Jm wy (t—‘l’)

dn (o o ~-N = é— Jve -3— V(8 Jeos wpt

Tet us place

ntt
£y 4 equation (2).

Un obtaln then the function £ (%,2),

t -
Fout)=p,twi| (F=7) £, (w,T) dT—P@,2) =
Ns® 5 ’{t-o- :mm,t]

2
i; .
The unknown ﬁ;(ﬂ,t)"ﬁllﬁ The intn:;ral equati-~n i‘o*‘(o posseases

the form:
Ga (z,t)-f-w,uf (t-'r)/oz(“ T)d'.’—F(ﬂ ) wv*?
Now in F_(z t), 'x entera only in the coubination E—2%

L]
S
After solving, by analogy, this equation, we find:
K, 22 aV 0 sin wot No°2' t aVld)

T e
Coneamnantly, ?(7( t)"lvac ( I+w,' = —a}g@j ces «tf+ ZL 1oy 2 sinuyt=

oasa/at'.’ ) '

L ’ t oV(s)
s - z'?."-aT"“ -u.*— —;1 vie) "“«u‘?
o If ve setagt~<&/ , “hat s, If the concentration is ....ll or the

disturhance 1s not propagated far from the grlls, then wo obtaln the previous
solutlon for the sase where the electrons do not lateruct npon each other.

" Bmploying the ratlos g{:’- "3? and azsuntng V(&) to be axpé.mied
’ : into a Fourler series, we find “he denslty of the curren& J:

Wty ==yl {178 g% 2UBL cos o+ LS\ NB) Sin aot +
4{’?% -"”%t;'?;ﬁ?% We) sin ?-.;zr.ﬁ-gﬂ cos w,t] @)

13 the .nlation for !n slectron beem prosagated from two gride ard
B completely unlimi-r?, Tor a finite boem of length 2, this solutlon 1g true

for t<22_. .
&
Tke Case of & Finite Beam of length ]

Webater solved & & logous problen Ly a different mathod. 2 fr%-cduced

-4 .
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fer yy #her: V(t)g\é-'s,},“c‘);ihe o:-.p:eusi:..:‘." -

Ja-j‘~{i'f‘£rf,';i(~ cts m\?
‘. srE T gherel®™o

tudes of the electron 1loops, reaulting from 3 diaba
identical. He Yook Znto cccsund the infl:
avactron from Jus” one loop (aniicode), dlowu:n
maining loops. If we make a simfluw =z i W0
mgt be shanged.

Let ua determine J at a poiat x at t mnmen* of arrival thers of the
disturbance, that is, for &== , 8incs the uverage gpeed of the aelectron
beam 8 4, . . With further fAureast In time %, wve shall agsums no variation
1a ocurrent J at the point x because the elsctron fleld has moved ahead. Thuen .
replacing t by g 2n equation (&) everywhers, except the herms V(B and -
(since the vari®®¥ion in | at x with the flow of time talkic place becense o
grid agti-~'. -= obtained the expreanlon of Wehebor, Cendemuently, Tor ccch
1t is corrvect ei the moment of pronnration of e dlgturbance b= *he sali. 7,
For large values of time, this expression ic very appravirs .

It 1s possible, although not striotly, o obfain v O <ad je aor:
accurate sxpresaion from the formulass obbeined for ~n 'n™ali~ toonwe In-
sddition; we shall study @ ond ] at the end of the lur:, practlse
moat importamt point. ILet us find the expresslon f£&r p[z,t) o o oohtala the
zution, analogous to Webaters solutlon, it ig nccews . .n . _"wax & by

11y Sha

*‘In equiation (3).  But, in addition, we do not “nke 'nho acciint that
~ the fleld of the beam has acted previously on the electrons formlng e at
“point ! , with the heam poseessing & variable lsngth from 2 to 2. . If
we set in (3) 2‘:.—.-L2v2 , this will mesn that the flcld of n beam of longih 2
hag acted previcus fpon the electrons forming @  at polnt Z2== 2. Actually,
the length varies from 2 to ¢ and congeguently ons solutlZon will be lurger,
but another less, than %he true solution. WUz ghall obtaln ~ mnre accurnte
solution by taking the average of thaas twa, Therefore: @(?Jt)-"-

Le ) . 2 L .

Nee {H-_z. %;Q;;e YD sin g -Ew gl wSaf— 5%
IV .2 /

é__m;os, z‘_+f%_

{hore we have placed fp 2 Ve
- Z
Yor small 7 and ¢ , ‘kis golutfon tronsforms into the golution Ior the
c&ge vhere “hera is no interactfon between the electrons. .nelogously. 1%
is possible o ite tie expresaion Tor /, (2,%):

v g L
}(Z;t)—Nfcgo{l""zl‘ %ﬁé?.%&l Sin w, 2' -+

vt kg Y sin e 2Ly L &, V() sin g L —

4 V()
B R L 2P Y)

In conclusion £ expresc .y deep 3 Cw Prafransr A Y. Tlemun
who propesed thie <heome aad helped by hiZz ~drice,

. ‘ -5 -

£ MSETRTIYEL |
ANV IR MARNTA LS

1 3V(B) e, 2l NN
,}Io —gfgfl‘sm% -gz“-——i--:—;g’z‘ W)oas “’032,1] .
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